The organic fruit crop should incorporate the principles of sustainable agriculture, with a guarantee of productivity coupled with ecological diversity, using techniques of policultive with regional species. The aim of the study was to evaluate the effect of the green manure crops [Canavalia ensiformis (jack beans), Crotalaria spectabilis (sunn hemp), Pueraria phaseoloides (tropical kudzu), Arachis pintoi (peanut forage) and spontaneous plants] and distance between espaliers on the yields of Passiflora edulis f. flavicarpa (passion fruit), Ananas comosus (pineapple), Zea mays (maize), Manihot esculenta (cassava) and biomass in organic polyculture in the state of Acre, Brazil. The randomized block design experiment comprised plots encompassing the space between the rows of passion fruits (espaliers located 3 m or 4 m apart), and subplots that contained the green manure crops. Green biomass yield by jack beans, sunn hemp and tropical kudzu was greater than that provided by peanut forage and spontaneous plants. The polyculture of passion fruit, pineapple, maize and cassava presented a high overall yield (44462 kg ha -1 ). The land-use efficiency of the polyculture system was between 2.45 (with sunn hemp) and 2.77 (with tropical kudzu) times greater than that achieved by individual monocultures. The yields of passion fruit (with tropical kudzu as cover crop) and pineapple (with spontaneous plants as green manure) were enhanced by some 72 and 34%, respectively, when cultivated in plots comprising 3 m-spaced espaliers in comparison with plots containing 4 m-spaced espaliers.
INTRODUCTION
The level of agricultural activity in the state of Acre remains relatively low in comparison with other regions of the Brazilian Amazon basin. While the production of Manihot esculenta (cassava), one of the major crops of the area, was 793017 tons in 2009-2010 with a yield of 21.0 tons ha -1 , the yields of Zea mays (maize) and Ananas comosus (pineapple) were very much lower at just 96000 and 6843 tons year -1 , respectively (AGRIANUAL, 2012). However, since around 88% of the state of Acre is covered with native forests, most of which are in protected natural areas, increasing crop productivity per unit area is of key importance in augmenting total productivity in the region.
In this context, improving crop cultivation techniques through the use of polyculture systems is considered an excellent option for increasing productivity per unit area, reducing the environmental impact caused by agriculture (Cecílio-Filho et al., 2011; Pypers et al., 2011; BezerraNeto et al., 2012) and augmenting the profitability of the farm (Bezerra-Neto et al., 2012) .
In the state of Acre, the majority of farmers practice subsistence farming and either consume their own crops or exchange part of their production for other goods, a practice that guarantees survival, qualitative and quantitative seasonal food security and economic stability (Grisa, 2007) . One method of increasing the abundance of farm products and improving the ecological diversity of the area would be to employ a policulture technique comprising common crops, such as maize, pineapple and cassava, together with a culture that is little exploited in the region. Passiflora edulis (passion fruit) would be an ideal candidate for inclusion in such a polyculture system since production in Acre is currently confined to just 17 dos 22 municipalities (IBGE, 2014) , and cultivation is normally performed with minimal agricultural inputs (consumables and technology) resulting in an annual production of 403 tons with productivities of 7.6 tons ha -1 in conventional culture and 5.03 tons ha -1 in organic systems (Araújo-Neto et al., 2009) . The average production costs of organically grown passion fruit vary between R$0.64 and R$1.38 kg -1 , hence there is a significant requirement to increase the efficiency of yield and to reduce unit costs in order to improve profitability (Araújo-Neto et al., 2008 ).
An organic system comprising a polyculture of the type indicated above in association with green manure could progress crop farming in the region even further (Ferreira et al., 2011) as a result of the fixation of atmospheric nitrogen, the accumulation of N, P and K, and the consequent improvement in dry biomass production (Giacomini et al., 2003) . Additional advantages of an organic polyculture system are: increased efficiency in the control of weeds in the main cultures (Silva, Hirata; Monquero, 2009) , better particle aggregation with improved attenuation of fluctuations in soil temperature and humidity (Perin et al., 2002 (Perin et al., , 2004a Loss et al., 2009 ), more efficient pest control, and the capacity to recycle biomass and nutrients (Bezerra; Oliveira; Vasconcelos, 2004; Sakonnakhon et al., 2006) . Moreover, since passion fruit trees are typically cultivated in espalier form, increasing the spaces between the espaliers supporting the vines would permit facile co-cultivation with the other crops in the system. This practice should diminish production costs by reducing the demand for materials employed in the construction of the espaliers (Araújo-Neto et al., 2008) and augment productivity with less plants required per unit (Andrade-Júnior et al., 2003) .
Within the Amazonian region, it is no longer environmentally acceptable to practice itinerant agriculture by deforestation and burning, but modern agriculture is fraught with difficulties associated with the timely distribution of agricultural consumables to the farms (Alves, 2008) . In the present study, we have proposed an unconventional farming method comprising an organic polyculture of passion fruit, pineapple, maize and cassava with green manure, and we have evaluated the effects of different green manure crops and espalier spacings on crop yields. Ciênc. Agrotec., Lavras, v.38, n. 3, p.247-255, maio./jun., 2014 
MATERIALS AND METHODS

Study area, polyculture and green manure
Experimental design
The experiment was of a randomized complete block design comprising plots subdivided into subplots with three repetitions each. The plots encompassed the space between the rows of passion fruits (espaliers located 3 m or 4 m apart), while the subplots contained the green manure crops. Pineapple, maize and cassava were cultivated between the rows of passion fruit in all treatments. The experimental unit consisted of nine passion fruit vines distributed in three rows; the three vines placed at the central row were considered the applicable plot. The applicable plots for maize and cassava were defined as the areas of 6 m 2 between the passion fruit rows, while the applicable plot for pineapple was defined as 20 plants plot 
Soil tillage, weeding and cultivation
The experimental area, which was previously covered with Brachiaria grass under a rotational management system, was ploughed and tilled to a depth of 20 cm. Seeds of maize were then sown, with the aid of a dibber, in the prepared area in rows 1 m apart and at a density of 5 plants linear m When the maize plants had developed second leaves (stage V2), the crop was weeded with the aid of a horse drawn half-moon hoe at the rate of 0.74 man-days ha -1
. Seven days after weeding the maize crop, pineapples were planted between the espaliers in rows spaced 0.4 m apart with 1.0 m between each plant in line. Three rows of pineapples were planted in plots with 3 m-spaced espaliers to give a final density of 9300 plants ha -1 , while plots with 4-m spaced espaliers were planted with four rows of pineapples to give a final density of 9200 plants ha -1 . Fifteen days after weeding the maize, the green manure crops were introduced into the subplots in an alternate arrangement (Figure 1 ). Jack bean and sunn hemp were planted between the rows of the passion fruit and the rows of pineapple at final densities of 6420 and 9691 plants ha -1 , respectively, with 3 m-spaced espaliers, and at final densities of 6157 and 8704 plants ha -1 , respectively, with 4 m-spaced espaliers. Tropical kudzu and peanut forage were planted in parallel rows at each side of the triple and quadruple pineapple rows at 0.30 m distance. Control plots were not planted with green manure crops although spontaneous plants were allowed to accumulate. Immediately after harvesting the maize, cassava was planted in two rows parallel to the pineapple rows at a density of 6200 plants (3 m-spaced espaliers) and 4600 plants (4 m-spaced espaliers). Monocultures of passion fruit (1111 plants ha ) and cassava (10000 plants ha -1 ) were established in an area adjacent to the organic polyculture using similar agricultural practices.
Fertilization, weeding and pest control
Culture management (pruning, weeding and fertilization) was conducted according to Brazilian legislation regarding organic crop production (Ministério da Agricultura, Pecuária e Abastecimento, 2011).
Fertilizer was applied to the passion fruit vines in February 2010 and 2011 in the form of 12 L of chicken manure enriched with 20 kg m -3 potassium sulfate and 3 kg m -3 boric acid. Passion fruit vines were allowed to grow as single vigorous stems up to 0.1 m above the wire, following which the stems were pruned. Secondary branches were arranged laterally up to 1.5 m each side and pruned to induce the formation of tertiary branches and these were arranged as before and pruned again to induce the formation of quaternary branches.
Selective manual weeding was performed eight times during the study period in order to remove all spontaneous plants leaving only the green crops. Pruning of peanut forage and tropical kudzu plants was performed five times, while sunn hemp plants were pruned twice until harvesting of the passion fruits in August 2011. Disease prevention and control was as follows: (i) anthracnose (Colletotrichum gloeosporioides) and mould (Cladosporium herbarum) -two applications of lime sulfur before and during the rainy season (the critical period), (ii) bugs (Diactor bilineatus), beetles (Diabrotica speciosa) and stem borers (Philonis passiflorae) -three scheduled applications of neem oil; and (iii) caterpillars (Dione juno juno and Agraulis vanillae vanillae) -application of Bacillus thuringiensis every 15 days during the rainy season. Pollination of passion fruit flowers was performed by natural pollinating species. Parameters evaluated: Passion fruit yield was assessed as the product of the mean (n = 3) mass of fruit per plant (kg) and the number of plants per hectare; pineapple yield was estimated as the product of the mean (n = 20) mass of a fruit (kg) and the number of plants per hectare; maize and cassava yield were determined from the measured plot production expressed as a yield per hectare, but in the case of maize a correction of 13% was made to allow for humidity. Total plant biomass was estimated by weighing the residues (leaves, stems and flowers) from maize, cassava, green crops and spontaneous plants. Residues from maize and cassava were collected at harvesting time. Senescent leaves from cassava, passion fruit, sunn hemp and jack bean were gathered using collectors made of wood and netting (0.50 x 0.50 m) placed below the aboveground portions, while those from tropical kudzu and peanut forage were collected manually from the same areas (0.50 x 0.50 m) every 15 days. Prior to weeding, leaf samples from spontaneous plants were collected from a similar size area in order to quantify the biomass of this type of vegetation. All of the biomass material was dried in an oven at 65 ºC to constant weight.
Land-use efficiency was estimated by summation over all species of the quotients of polyculture productivity (commercial production; C) and monoculture productivity (M) calculated for each species individually according to: 
Statistical analysis
Data were submitted to tests for normality of the residues (Shapiro-Wilk test) and homogeneity of variances (Bartlett test), and [√(x+2)/log(x)] transformation was applied to results obtained for passion fruit productivity. The analysis of variance (ANOVA) F test was performed to detect significant differences (P < 0.05) among treatment means and, where appropriate, the Tukey test was applied to establish significant differences (P < 0.05) between mean values.
RESULTS AND DISCUSSION
None of the green manure crops produced significant alterations in the yields of passion fruit, pineapple or maize in comparison with the control (spontaneous plants), while the presence of sunn hemp (Fabaceae) had a negative effect on the yield of cassava (Table 1) . Pypers et al. (2011) stated that intercropping of cassava with legume species generally improves soil fertility although, for species that produce large amounts of biomass, competition over prolonged periods can give rise to a decline in yield.
The mean yield of maize in the organic polyculture was 3255.9 kg ha -1 (Table 1 ) and was not affected by any of the variables investigated, particularly by the green crops that were introduced immediately after weeding and the planting of pineapples. Heinrichs et al. (2005) also reported that, in the first year of cultivation, maize yield was not affected by intercropping with jack bean, pigeonpea (Cajanus cajan), dwarf mucuna (Mucuna deeringiana) or sunn hemp (Crotalaria spectabilis Roth). In the present study, although maize yield was higher than average for the state of Acre (1993.10 kg ha ) that were lower than the recommended rate (55000 plants ha -1 ). Following a study carried out under conditions of organic cultivation similar to those described herein, Echer et al. (2007) reported that, although maize yield was low (2164 kg ha . Indeed, low production costs and modest use of consumables (fertilizers and pesticides) are some of the principle advantages of organic agriculture.
The green crops jack bean, sunn hemp and tropical kudzu provided mean dry biomass (24774.2 kg ha -1 ) that was 35.6% higher than that supplied by spontaneous plants (18261.0 kg ha -1 ) and 13.2% higher than that of peanut forage (Table 1 ). The enhanced plant biomass can be explained by the botanical characteristics of these species and by the regular pruning performed on sunn hemp, tropical kudzu and peanut forage. In contrast, the spontaneous plants not only produced smaller amounts of biomass but they were also cleared periodically. Although spontaneous plants contribute to biodiversity and are important for the ecological control of agricultural pests and for nutrient cycling (Bezerra, Oliveira; Vasconcelos, 2004; Sakonnakhon et al., 2006) , their capacity for biomass production is much lower in comparison with leguminous green crops such as Crotalaria juncea and Pennisetum glaucum (Silva, Hirata; Monquero, 2009) , Avena strigosa Schieb (aveia preta), Vicia sativa L. (ervilhaca comum) and Raphanus sativus L. (nabo forrageiro) (Giacomini et al., 2003) , all of which are extremely efficient in incorporating N, P and K into the soil.
The land-use efficiency (total yield per hectare) varied little with the type of green crop and ranged between 2.45 (sunn hemp) and 2.77 (tropical kudzu and spontaneous plants) (Table 1) . The mean land-use efficiency for the polyculture was 2.65, indicating that it would, require 2.65 ha of individual crops grown in a monoculture system to provide the same yield as 1 ha of the polyculture (Table 1) . Moreover, the polyculture presented high yield (44462 kg ha -1 ) and resulted in products that were suitable for home consumption (maize and cassava) and for trade (passion fruit and pineapple). According to Grisa (2007) , the polyculture system not only guarantees that small farmers are self-sufficient in food (food security) but also allows farmers to sell products at market prices, thereby generating the income required to run the farm (consumables, services, etc) and for further investment (infrastructure, equipment, etc).
On this basis, the pessimistic scenario for small farmers of the Amazon region previously described by Alves (2008) could be transformed if farmers integrated polyculture and organic fertilization as well as supplementation with chemical fertilizers in the quantities allowed by Brazilian legislation (Ministério da Agricultura, Pecuária e Abastecimento, 2011). An organic polyculture system would ensure sustainable agriculture and high productivity per unit area, together with environmental preservation by promoting soil quality, temperature and humidity, and preventing the harmful consequences resulting from the excess use of chemical fertilizers, herbicides and pesticides (Perin, 2002; Perin et al., 2004b; Pyper, Verstraete; Merckx, 2005; Espindola et al., 2006; Sakonnakhon et al., 2006) .
The effects of the interactions between green manure and the distance between the espaliers on the yields of passion fruit and pineapple are shown in table 2. The yield of passion fruit in the area covered with tropical kudzu was 72.1% higher in plots comprising 3 m-spaced espaliers (21677.2 kg ha -1 ) compared with those containing 4 m-spaced espaliers (12597.1 kg ha -1 ). Since the distance between the passion fruit plants in each of the rows was 3 m in all treatments, there was neither competition between the plants nor excess shading as observed in the experiment conducted by Andrade-Júnior et al. (2003) .
However, there were 32 rows and 1111 plants in the plots comprising 3 m-spaced espaliers compared with only 24 rows and 833 plants in the plots containing 4 m-spaced espaliers. Thus, the overall amount of fertilizer applied to the plots comprising 3 m-spaced espaliers was significantly greater and this contributed positively to the increased yield. The yield of passion fruit attained in the present study (21677.2 kg ha -1 ) must be considered excellent in comparison with the average productivities achieved in Brazil (14300 kg ha -1 ) and in the state of Acre (7600 kg ha -1 ) through conventional cultivation (IBGE, 2011) and, more specifically, in Acre using an organic system with vertical espaliers (5030 kg ha -1 ) (Araújo-Neto et al., 2009 ).
The factors that contributed to the increased yield achieved in the present study are the diversification and combination of crops, the early application and further supplementation of fertilizer, the provision of green biomass and the use of a passion fruit cultivar adapted to the region. Loss et al. (2009) reported that polyculture of passion fruit with Desmodium sp. as green manure crop increased the organic carbon in the soil aggregates to levels similar to those found in agroforestry systems. The increase in passion fruit yield provided by tropical kudzu cover was probably influenced by the capacity of this legume to produce green biomass and to increase the nutrient content in the soil through nitrogen fixation (Espindola et al., 2006) . In this context, Perin et al. (2004b) reported that soil covered with tropical kudzu accumulated 6600 kg ha -1 of dry matter, 192 kg ha -1 of N, 13 kg ha -1 of P and 75 kg ha -1 of K within 12 months. Furthermore, the yield of banana trees cultivated in soil covered with tropical kudzu was much greater than in trees grown in a soil covered with spontaneous plants (Perin et al., 2009 ). It has also been reported that tropical kudzu improves particle aggregation, attenuates oscillations of temperature and humidity in the soil (Perin, 2002) , and reduces Al exchange (Pypers; Verstraete; Merckx, 2005) .
The although passion fruit yield tended to be higher in plots comprising 3 m-spaced espaliers covered with peanut forage, sunn hemp and spontaneous plants, the differences in relation to plots containing 4 m-spaced espaliers were not statistically significant ( Table 2 ). The high coefficients of variation in the plots and in the experiment reported in table 2 probably arise from the natural variation that typically occurs in field experiments and from the large genetic variability of the passion fruit cultivar, which derives from seven genotypes from different Brazilian regions. Castro et al. (2011) also observed large variability among passion fruit vines grown in the Federal District (centre west region of Brazil).
Pineapple yield in plots comprising 3 m-spaced espaliers covered with spontaneous plants was 33.5% higher than in equivalent plots containing 4 m-spaced espaliers ( Table 2 ). The main factors that contributed to the superior performance of plots with closer-spaced espaliers were the higher density of pineapples (100 plants ha -1 more) and the larger quantity of fertilizer applied. Plants, such as the pineapple, that fix carbon through the crassulacean acid metabolism route are less productive than species with C3 and C4 metabolic pathways since incorporation of CO 2 into photosynthetic products is much smaller (Vieira et al., 2010) . Although pineapple is sturdy and well adapted to the tropics, the yield can be considerably enhanced by facilitating the incorporation of fertilizers and water, and through the regular control of weeds (Cunh; Cabral; Souza, 1999) .
CONCLUSIONS
An organic polyculture system comprising passion fruit, pineapple, maize and cassava represents a viable proposition in the Amazon region as demonstrated by an average land-use efficiency of 2.65, which was independent of the type of green manure crop employed. Green biomass yield by jack beans, sunn hemp and tropical kudzu was greater than that provided by peanut forage and spontaneous plants. Cassava yield was reduced significantly in the presence of sunn hemp as cover crop. The productivities of passion fruit (with tropical kudzu as cover crop) and pineapple (with spontaneous plants as green manure) were enhanced by some 72 and 34%, respectively, through cultivation in plots comprising 3 m-spaced espaliers in comparison with plots containing 4 m-spaced espaliers.
